I. Introduction
Targeted drug delivery systems have been developed to optimize regenerative techniques. The system is based on a method that delivers a certain amount of a therapeutic agent for a prolonged period of time to a targeted diseased area within the body. This helps maintain the required plasma and tissue drug levels in the body therefore, avoiding any damage to the healthy tissue via the drug.
Application of magnetic nanoparticles (MNPs) ferrofluids are numerous. An essential significance of magnetic nanoparticles also includes its medical applications, for instance in magnetically controlled drug targeting, based on the binding of establishes anticancer drugs with ferrofluids that concentrate the drug in the area of interest (a tumor) by means of magnetic fields. In this kind of treatment, the magnetic fluid or ferrofluid is injected directly into the tumor, where it remains by the help of a permanent magnet directly placed over the external side of the tumor ( Rosensweig R. E, 2002).
Ferrofluids are stable suspensions of colloidal ferromagnetic particles (e.g. magnetite) in suitable, non-magnetic carrier liquids. Typical diameters of the colloidal particles are of the order of 10 nm and are therefore stable against sedimentation. The colloidal particles are covered with surfactants in order to prevent agglomeration due to attractive Van der Vaals forces.
Magnetic biomaterials must present additional characteristics in comparison with materials used for other applications. In this sense, it appears reasonable the use of iron oxide nanoparticles as magnetic core encapsulated in a protective polymeric shell. For example, polymer molecules like polyethylene glycol (PEG) or dextran are known to reduce the opsonisation phenomenon and to lengthen the duration of circulation of the nanovectors (Harris and Chess, 2003). In addition, the coating can provide various chemical groups to conjugate drugs or targeting ligands (Wang and Thanou, 2010).
Polyethylene glycol (PEG) is known to be an attractive material to reduce opsonization because it is uncharged, hydrophilic, and non-immunogenic Doxorubicin (DOX) is an antineoplastic agent of the anthracycline family frequently used in association with other drugs to treat a large number of cancers, like leukemia, ovarian cancers and particularly last stage breast cancers. The clinical use of DOX is limited by its side effects, the most dangerous being a cumulative dose-dependent cardio-toxicity. To minimize the side effects, DOX can be vectorized, that is associated to drug carriers that will favor its accumulation on the site of action and limit its dispersion in healthy tissues .
For using ferrofluid as magnetic nanoparticles after conjugation with doxorubicin in medical application some properties of the samples must be studied. After conjugation of four different amounts of ferrofluid with doxorubicin respectively we define the suitable sample for using in medical application.
The aim of the present study is to characterize the doxorubicin loaded with different amounts of ferrofluid 700,800,900 and 1100 µl respectively by using each of FT-IR method and Transmission electron microscope (TEM) technique. Moreover, the dielectric properties of the mixed samples and their absorption spectra were also studied
II. Materials and Experimental Method

Materials
Ferrofluid coated with polyethylene glycol (M w = 400 g. mol -1 ) has been purchased from Material science lab, Physics Department, Faculty of Science, Cairo University, Egypt.On the other hand, Doxorubicin hydrochloride (Adricin® ) manufactured by EIMC united Pharmaceuticals (Badr city, cairo, A.R.E ).Also, N-[(2-Hydroxy) peperazine-N-(2-ethanosulphonic acid)] buffer (HEPES) was purchased from Sigma Chemical Co (St. Louis, USA)
Preparation of the samples
A diluted buffer with deionized water has a concentration 0.01M has been prepared which was used to dilute the doxorubicin and the ferrofluid to have a ratio 1:19 ml for Dox : buffer and 1:30 ml for ferrofluid : buffer. One ml of diluted Doxorubicin has been used for all the studied samples as a pristine sample and named sample A. Sample A has been loaded with different amounts of the of diluted ferrofluid as following: 700µl, 800µl, 900µl and 1100µl which named samples: B, C, D and E, respectively. For each time of any measurement, the previous samples were prepared to be fresh for each use.
Methods of characterization of the samples:
A-X-ray diffraction.
The crystallite phase of the coated ferrofluid nanoparticles was identified by using X-ray diffraction patterns (XRD) using a PW 1800 Philips X-ray diffractometer equipped with a CuKa radiation (= 1.54056 nm).
B-Transmission electron microscopy (TEM)
The morphology of nanoparticles was examined using JEM -2100 electronic transmission microscope (TEM), operating at 200 kV (accelerating voltage) and 1.43 nm (resolution wavelength). The samples were diluted in de -ionized water, then deposited on a carbon-coated copper TEM grid, and samples were left to airdry before TEM viewing.
C-FT-IR Spectra.
FT-IR Spectra was measured for all the samples(A,B,C,D and E) with a Fourier Transform Infrared Spectrometer (FT/IR -460 plus) in the wave number range (4000 -400cm -1 ).
Dielectric properties
The dielectric properties of all the samples were measured in the frequency range (from 0.5 kHz to 1 MHz) using a programmable automatic multi frequency RCL bridge (model PM6306), together with a cell type PW 9510/60, manufactured by Philips. The cell consists of two squared platinum black electrodes each having an area (A) of 0.8x0.8 cm 2 with an inter electrode distance (d) of 1 cm. The measured sample capacitance C, resistance R and frequency F were used to calculate the dielectric constant (  ' ),dielectric loss ( ε '' ), and conductivity ( ζ ) . It is important to know that the real part or dielectric constant (ε ' ) is mainly associated with the amount of polarization occurring in the material and the imaginary part (ε '' ) is a measure of dissipated energy. The dielectric performance of the material depends on the ionic, electronic, orientation and space charge polarization. The contribution to the space charge polarization appears due to the heterogeneity of the material 
Absorption spectra measurements:
On the other hands, UV-visible spectrophotometer JASCO (V-550) was used for the measurements of absorption spectra in a range of wavelengths from (300-900) nm for all the prepared samples.
III. Results and discussion
The XRD patterns of Fe 3 O 4 as in Figure (1 Using of Transmission electron microscope (TEM) technique to explain the aggregation and the shape of conjugation of Dox. with ferrofluid. Fig (2.a) show the shape of the nanomagnetic particle ferrofluid alone and Fig (2. B,C,D and E) ) shows the shape of the conjugation samples (B,C,D and E) respectively. The results explain that ferrofluid nanoparticles spread within Dox molecules and conjugated with it and the darkening in the figure is due to increasing the amount of ferrofluid magnetic nanoparticles. On the other hand, FT-IR spectroscopy has long been recognized as a powerful tool for elucidation of structural information. The position, intensity and shape of vibration bands are useful in clarifying conformational and environmental changes of the studied material at the molecular level ( Ki Lee et al., 1994  ) . Herein, the samples of ferrofluid, Fe 3 O 4 , and doxorubicin have been investigated by FTIR spectroscopy which its spectra are shown in Figure ( 3). 
A Characterization and dielectric properties of magnetic nanoparticles (Ferrofluid) conjugated with
The curves illustrate the characteristic peaks that are exhibited by the ferrofluid in which the metal-oxygen band, observed at 590 cm -1 corresponds to intrinsic stretching vibrations of the metal ions at tetrahedral site (Fe tetra O), whereas metal-oxygen band observed at 436.1 cm -1 , is assigned to octahedral metal-ion stretching (Fe octa O) in agreement with literature ( Kavas et al., 2010 ) . ' were sharply decreased with frequency while remained nearly unchanged at higher frequencies (beyond 1 kHz). The dielectric permittivity in the lower range of frequencies was observed to be strongly dependent on frequency as well as the ferrofluid content. In other words, the higher values of  ' were observed at low frequencies because of the low resistivity of magnetite, which generated electric charge transference ( Ramajo et al., 2009) Fig. (4) : The variation of the dielectric constant,  ' , dielectric loss, '', and ac conductivity, ζ for all studied samples.
Dielectric properties are mainly governed by the conduction mechanism in ferrites, wherein electron hopping takes place. This electron hopping looks to be favorable at lower applied electric field frequencies. Therefore, at lower frequency the dielectric constant is maximum. However, at higher frequency hopping electrons could not 
follow the rate of alternation of applied field and hence show dispersion with increase in applied frequency (  Lipare et al., 2003 ) . In other words, the polarization in ferrites is inferred from electron exchange between Fe 2+ and Fe 3+ , the local displacement of electrons in the direction of the applied field takes place and these electrons establish the polarization. By increasing the frequency, the polarization decreases and reaches a fairly stable value because the electron exchange between Fe 2+ and Fe 3+ cannot go after the alternating field. Indeed, the decrease in dielectric constant with frequency is expected as a consequence of the fact that any species contributing to polarizability is found to show lagging behind the applied field at higher and higher frequencies ( Kavas et al.,  2010 ) .
Ac conductivity versus frequency for various concentrations of doxorubicin-ferrofluid samples (B, C, D and E) and pristine doxorubicin sample (A) comprise conductivity plateau regions at room temperature which illustrate a strongly dependent of the conductivity values on applied frequency below 1 kHz while a weak dependent was observed above 1 kHz.
Furthermore, a clear decrease in the values of the conductivity was observed by increasing the ferrite contents which can be attributed to the insulating behavior of the iron oxide in the core of the nanoparticles, which hinders the charge transfer thereby lowering the conductivity ( Javed Alam et al., 2007 ) . Besides, when Fe 3 O 4 nanoparticles contents increases the interactions between the doxorubicin and iron oxide nanoparticles increase the charge carrier scattering and thus increase the sample resistivity which could also splay a role in the reduction of the conductivity ( Yunze Long et al., 2005 ) .
Also, it is clear from the figures that the electric conductivity (ζ) for all the samples increased with the increase of the frequency, all figures show the conductivity dispersion due to the interfacial polarization (Gabriel (1996).The change in the critical frequency f c (consequently in the relaxation time ) shown in all the figures is attributed to the change in the average molecular radii. From the data in the figures and through the use of the equations 1,3 and 4 for all the samples, the relaxation time , the dielectric increment , were calculated as given in Table( The variation of the dielectric loss for all the samples is studied as a function of applied frequency and the results explained that a decrease was observed in the values of dielectric loss of doxorubicin by increasing the ferrofluid content loaded with it. In fact, the dielectric losses in ferrites are generally reflected in the resistivity measurement. Materials with high resistivity exhibit low dielectric losses and vice versa. Therefore, the observed decrease of loss tangent values by increasing ferrofluid content confirms the increase of resistivity supporting the Verway conduction mechanism( Lipare 2003) .
Interestingly, it can be seen from fig (2) that there is a strong correlation between the conduction mechanism and the dielectric behavior of ferrites. The conduction mechanism in ferrites is considered as due to hopping of electrons between Fe 2+ and Fe
3+
. When the hopping frequency is nearly equal to that of the frequency of externally applied electric field, a maximum of dielectric loss may be observed. The condition for observing a maximum in the dielectric losses of a dielectric material is given by =1, where  is the 2πf c and  is the relaxation time. The relaxation time is related to the jumping probability per unit time, P, by the equation =1/2P or f max P. This shows that f max is proportional to the jumping probability or hopping probability (Iwauchi 1971 and Humaira et al 2010)
Figure (5) shows the absorption spectra for the studied samples measured in a range of wavelengths from 300 to 900 nm. A peak was observed at wavelength 481.1 nm for the pristine sample A in agreement with the ( JAYITA BHATTACHARJEE et al., 2008 ) which was shifted towards low wavelength by loading the doxorubicin by different content of ferrofluid. It could be observed that the absorption peak increased by increasing the ferrofluid content loaded with the doxorubicin. In addition, the full width at half maximum (FWHM) was calculated and listed in Table ( 2). It can be clearly shown that the absorption bandwidth became broader by increasing the ferrofluid content. This may be due to the inhomogeneous distribution of the ferrofluid in the doxirubicin. The distribution of ferrofluid nanoparticle surrounded by doxorubicin media have subtly different chemical and dielectric character which causes this inhomogeneous broadening ( Ahmed et al., 2013 ) . Table ( 2): Optical properties of different amounts of ferrofluid loaded by doxorubicin. .
IV. Conclusion
We can conclude that their is no great changes in the properties of the different samples .Then conjugation of DOX with any amounts of ferrofluid can be used in medical applications. 
